Two questionnaires were filled in for every patient in the study. The first was completed during the patient's hospital stay by the doctor immediately concerned and detailed, for every test requested, the following information: date of request, name of test, category of request (see below), and expected result. Tests were graded as non-discretionary (that is, depending upon known policy rather than doctor's clinical judgement), diagnostic, monitoring, or checking (when a test result was thought to be mistaken).
study confined to the effects of tests upon outcome, in terms of changes in patients' health state, or length of stay, but it will be argued in the discussion section that the approach adopted is more economical. Every test requested (excluding some procedures carried out by nursing staff) was evaluated, but only in chemical pathology was the full costing programme undertaken.
THE QUESTIONNAIRES
Two questionnaires were filled in for every patient in the study. The first was completed during the patient's hospital stay by the doctor immediately concerned and detailed, for every test requested, the following information: date of request, name of test, category of request (see below), and expected result. Tests were graded as non-discretionary (that is, depending upon known policy rather than doctor's clinical judgement), diagnostic, monitoring, or checking (when a test result was thought to be mistaken).
The second questionnaire was filled in by a research worker and the clinician together a fortnight after admission, or upon discharge, whichever was sooner. For every test the result and the action taken were recorded. Ann Clin Biochem 1980; 17: [281] [282] [283] [284] [285] [286] Evaluation of laboratory tests in hospitals J A STILWELL*, D YOUNGt, AND A CUNNINGTONt From the "Health Services Research Centre, Medical School, University of Birmingham, t Dudley Road Hospital, Birmingham, and tManor Hospital, Walsall SUMMARY The use oflaboratory tests in the management of 174 randomly selected patients admitted as acute medical emergencies was monitored in detail. The occasions when a test result changed patient management, and the nature of that change, were noted. Tests were classified according to information yielded and the importance of any action taken. For biochemistry alone every test result was costed. A ranking for all tests was produced, in terms of expected actions per test, and for biochemistry a 'value for money' table giving actions per pound spent. Every test request was classified as either discretionary or non-discretionary. The discretionary category was further subdivided into diagnostic and monitoring. The values, in terms of action-producing results, of non-discretionary, diagnostic, and monitoring tests were compared, and this comparison showed that the cost per item of helpful information was about £10 for diagnostic, £23 for monitoring, and £20 for non-discretionary tests. In total, £1790 was spent, and 28 items of unique information were yielded, enabling clinicians to discharge five patients, take seven courses of action which would have had serious consequences if omitted, and 16 actions the omission of which would have led to very serious consequences.
A hospital patient in the United Kingdom is treated according to a pattern which depends primarily upon the education and professional opinion of his consultant. The patient's management is constrained by the availability of resources. These resources are used when it is judged that they will be helpful in either treatment or diagnosis. Sometimes the cost, in terms of patient suffering (for example, arterial blood sampling), or the possibility of iatrogenic illness (for example, x-ray examination of women Method who may be pregnant), is balanced against the expectation of success in the employment of the technique, but hardly ever is the cost of a test or examination weighed against any expectation concerning the value of the result in the management of the patient. There are no incentives for a junior doctor to practise economy in requesting tests. The only penalties are attached to the absence of a result that may be required by the consultant; no penalties are incurred for the presence of superfluous results.
Over the past 12 years the provision and use of all (non-obsolescent) health care resources has increased;' and the use of diagnostic tests has increased faster than average.
A study was undertaken to develop a method for assessing the cost and the contribution of laboratory tests to patient management. This is different from a 281
DEFINITION OF AN 'ACTION'
An action was held to have taken place if the management of the patient was altered from what it would have been in the absence of the test result. A result that confirmed a provisional clinical diagnosis for which treatment had already started did not count as causing an action, whereas a result that excluded certain possible diagnoses which would have necessitated precautionary treatment did count as causing an action-in this case 'negative' action.
SELECTION OF SAMPLE
Thirteen medical firms in four Birmingham district hospitals agreed to cooperate. During the period of the study one, two, or three patients on each 'take' were entered into the study. The selection was randomised. Ninety-six of the patients studied were male, with an age range of 19-85 years and a mean age of 58 years, and 78 were female, with an age range of 15-91 and a mean age of 59 years. The most common diagnosis was acute myocardial infarction (26) followed by bronchitis and pneumonia (20), acute cerebrovascular disease (8), asthma (6), pain in chest (5), diabetes (5), duodenal ulcer (4), and congestive heart failure (4). Seventy-one further diagnostic categories covered the remaining 96 patients.
Stilwell, Young, and Cunnington
The study in the laboratory A detailed cost study was made of the chemical pathology laboratory of one of the hospitals. It was recognised that different laboratory practices and staffing levels yielded different costs for the same result, and that, ideally, each laboratory should have been costed. This however, was not possible and, in any case, systematic bias would only be introduced if test requests were actually responsive to relative test costs, and this was not the case (except, occasionally, for very unusual tests). Table 2 shows the total number of tests performed on the sample of 174 patients. (Each element of a biochemical profile is recorded separately, so on average each patient had one or two profiles, plus about 20 other tests).
Results

USE OF TESTS
Ignoring MSUs and the uncommon test categories (histology and below in Table 2) , Table 3 shows, first, the total number of tests falling into the four request categories and, secondly, the number of tests in those categories leading to an action. The clinician's expectations concerning each result were recorded prospectively. From a total of 5276 (counting each haematology request as yielding one result), 826 (15' 6 %) had unexpected results. Three hundred and sixty-nine expected to be normal were actually abnormal; conversely, 457 expected to be abnormal were actually normal. The numberofunexpected results from the non-discretionary tests was 308 (13%), from 2373. This is a smaller percentage than the unexpected results from discretionary tests (17·8%). The number of unexpected results which led to action was 65 (7. 9 %), only slightly higher than the overall percentage of6·7. Unexpected abnormals led to action twice as often as unexpected normals. There were 51 examples of tests that were diagnostic, expected normal, and actually abnormal. Of these, only 11 led to action.
COSTS OF TESTS
The Figure shows the distribution of biochemistry costs of the patients whose management was studied. The total cost of the 3593 biochemistry tests performed on the 174 patients was £1790 or £10·28 per patient. The highest cost was £77'33. The costs attributed to tests are average costs; they are the cost of collecting the blood, of processing the sample, and transmitting the result. They include technician time, reagent and equipment cost, overheads, and supervision. Table 4 draws together the two branches of this study. It lists biochemistry tests in ascending order of pounds per action. It also shows total expenditure on that test and the number of discharges from hospital made with the aid of the test result. The final column of Table 4 shows the amount of money spent on a test type divided by the number of actions caused; this statistic means more in economic terms than the alternative total test numbers divided by Number ofpatients whose biochemistry costs fell into each cost category.
number of actions. It shows, for example, that 253 glucoses were performed at a total cost of £233· 64, giving rise to 21· 5 actions at a cost per action of £10· 87.
The actions recorded in Tables 4 and 5 exclude trivial actions. There were only 44 of these out of a total of 294 actions. In general, an action followed £10 worth of diagnostic tests and £22 worth of non-discretionary or monitoring tests. Over all tests the average expenditure per action was £20·09. Comparing diagnostic with non-discretionary, of the common tests only alpha-RHD has a higher pay-off in the non-discretionary category. Stilwell, Young, and Cunnington A total of 270 biochemical profiles were performed (sodium, potassium, urea, calcium, albumin, globulin, alkaline phosphatase, bilirubin, aspartate transaminase in all hospitals, plus glucose in one, and phosphate in one). These cost £355 and resulted in 23 actions. Urea, alkaline phosphatase, and aspartate transaminase caused two-thirds of all the actions. The £/action ratio for profiles was 15·43, which is better than the overall ratio of 20·09.
Discussion
The purpose of this study has been to develop a system for· observing the use and costs of laboratory tests, to perform a limited application of the system with respect to biochemistry tests, and to see what conclusion it is possible to draw. Other studies which have evaluated the output of laboratories, such as the pioneering work by Whitehead'' and, more recently, the major study by Durbridge et al., 3 have aimed to observe indirectly the effects of tests upon patient management by observing 'output criteria' such as length of stay. The difficulty with this approach is that the effects of more efficient, accurate, or appropriate laboratory test results can so easily be dominated by other, unchanging factors, such as the pattern of consultant ward rounds or bottlenecks in other laboratories or diagnostic service departments. In other words, in the short term at least, a single laboratory's results are often not on the critical path of patient management.
This, however, is clearly no argument against the improvement of the use of a laboratory's services because, in the long term, it must be presumed that all elements of the patient management process are variable, and that advantage can be taken of all improvements, however isolated in the short term.
The present study is, therefore, more comprehensive than an assessment of the influence of tests upon the final result of treatment. It covers all cases where clinicians based an action upon a test result, whatever the final change in the health of the patient. The study was behavioural in that the basic factor investigated was the present practice of c1iniciansno attempt was made to define hypothetical optimum strategies (see Sackettj.t There are two directions in which improvements in the use of a laboratory's services can be made. The first is the a priori scientific approach; the laboratory specialist will educate his clinical colleag~es abo~t the best use, as he sees it, of the potential of hIS laboratory. The bulk of clinically directed articles in 285 the specialist laboratory journals fall into this category,"
The second approach, which should synthesise with the first, is to observe as closely as possible the actual use to which test results are put and to form, if possible, conclusions about the relative value, or pay-off, of individual tests as used on the ward~. This study falls into the second category. It IS possible to infer relative pay-offs from Tables 3 to 5 .
Diagnostic chest x-rays caused the most action, and non-discretionary biochemical tests the least. Of all tests ordered routinely (non-discretionary), chest x-rays caused most action, which followed 14 out of 122 routine chest x-rays performed (11 %).
In aggregate, of a total of 7562.tests, 506 (6'? %) resulted in 294 actions, 44 of which were classified as trivial.
Half of all biochemistry test types never gave rise to an action. Most were performed too infrequently for any conclusion to be drawn, but there were in this zero-action category T4 (frequency 13, cost £28' 60), 5-nucleotidase (frequency 8, cost £15· 42), faecal fat (frequency 7, cost £48'81), and y-glutamyl transferase (frequency 7, cost £22· 65).
Globulin, performed 306 times~t a cost of £87·~O, contributed once only to an action, together WIth three other tests.
The pay-off, therefore, is much greater for some tests than for others and, in general, twice as great for tests requested diagnostically as for those requested routinely. The benefit from routine profiles is derived mainly from urea, alkaline phosphatase, and aspartate transaminase results, but since routine profiles are cheap to produce, the whole profile scores halfway between the averages for routine and diagnostic tests.
There can be little doubt that many tests are requested thoughtlessly. One hundred and ninetytwo tests were requested diagnostically, where the result expectation was confounded but upon which no action was taken. (It is important to remember that 'negative action', that is, the exclusion of alternative lines of management or investigation, counts as action). It is difficult to avoid the conclusion that these investigations were a waste of resources.
The clinical chemistry department was the only laboratory to be subject to a costing exercise. For £1790 clinicians bought information which uniquely enabled them to discharge five patients, to take 16 courses of action which would have had very serious consequences if omitted, and seven actions which would have had serious consequences.
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